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(54) A glucagon fragment and deriva- 
tives thereof 

(57) a) Aglucagonfragment(15-29) 
has the formula: H-Asp- Ser-Arg- Arg- 
Ala-Gln-Asp- Phe-Val-Gln-Trp- Leu-Met- 
Asn-Thr-OH. 

b) a product is obtained by conjugating 
the glucagon fragment (1 &-29) with 
bovine serum albumin by means of 

glutei aldehyde, 

c) anantibody specifically reactive . 
to pancreatic glucagon is produced by 
administering to a mammalian animal 
the product of the above b), and 

d) a peptide hasthe formula 

H0-/_VFj-CG-r^-Cln-iUp-Phe-VBl-Gln^-Leu-B5-Asn- 
Ihr-OH 

wherein Ri and R2 means H or radioac- 
tive I, R3 is an alkane residue having up 
to 4 carbon atoms which may optionally 
have NH2 or OH, R4 is a peptide frag- 
ment corresponding to the 1 to 5 amino 
acid residues ending with the 19-alanyi 
of pancreatic glucagon, and Rs is Met or 
Nle, being efficiently useful for estima- 
tion by radioimmunoassay of pancrea- 
tic glucagon levels in blood together 
with the antibody of the above c). 
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(54) A glucagon fragment and deriva- 
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(57) a) A glucagon fragment (15-29) 
has.the formula: H-Asp- Ser-Arg- Arg- 
Ala-6ln-Asp- Phe-Val-Gln-Trp- Leu-Met- 
Asn-Thr-OH, 

b) a product is obtained by conjugating 
the glucagon fragment (15-29) with 
bovine serum albumin by means of 
glutei aldehyde, 

c) an antibody specifically reactive 
to pancreatic glucagon is produced by 
administering to a mammalian animal 
the product of the above b), and 

d) a peptide has the formula 
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wherein Rt and R2 means H or radioac- 
tive I, R3 is an alkane residue having up 
to 4 carbon atoms which may optionally 
have NH2 or OH, R4 is a peptide frag- 
ment corresponding to the 1 to 5 amino 
acid residues ending with the 19-alanyl 
of pancreatic glucagon, and Rs is Met or 
NIe, being efficiently useful for estima- 
tion by radioimmunoassay of pancrea- 
tic glucagon levels in blood together 
with the antibody of the above c). 
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SPECIFICATION 

A glucagon fragment and derivatives thereof 

5 -rtiis invention relates to a novel glucagon fragment which is useful as antigen for producing an antibody 5 
S specifically to pancreatic glucagon and also relates to novel derivatives of the g ucagon 
SirJ^hichareusefulforestimation by radioimmunoassay of W^^^ 

Glucagon is a hormone which plays a very important role in the glucose metabolisms of animals and. 
clinically, it is important to estimate its concentration in the blood. 

Glucaflon exists in two forms which are said to be structurally similar, namely pancreatic glucagon (H- 
1 5 10 15 20 « 

HUer-Gln-Gly-Thr^'he-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-A.g-Arg.Ala-Gln-Asp-Phe-V^ 

29 

1 5 Leu-Met-Asn-Thr-OH) and gut glucagon, and the one which mainly influences the blood glucose level is 15 

^idWbe pancreatic Ucagon While data clinically required isthus chiefly the blood concentration of 

rancrSTucagon, it is well known that the production of an antibody by means ""'"9^ . 
SSepSncreL glucagon with bovine serum albumin rarely yields a clinically useful antibody 

rncJeaSuJagon but mainly gives an antibody cros^reactive witi, blood panciBatic and a"t glucagons. In 
on to DfoducB an antiaen which may be used In the production of an antibody specific to pancreatic 

?e3otii7surprisingdiscoverythatapanetadecapcptid^ 
Sdreliduefn^pTsLnthro^^^^ 

instant invention has been conceh^ed and developed on the above finding. 

25 This invention is prima rily directed to ttie following aspects: 

a) anovelglucagonfragment{15-29)ofthefomiula:H-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln Trp 

tra'^IoX^u^p"eparedb?coniugatingtheglu^^ 

ao^rroSiXT^^^^^^^^^ 

mammalian animal the product of the above b) and 

d) a novel peptide of the formula ^:,^:ry,^_^^^^^^^ 



20 



25 



J2r-0H 35 

Wherevertheaminoacids.peptide.protectiveg-^^^^^ 
tionsinthis specification, such abbreyiationsareu^^^^^^^^^^ 

40optSfeomeS.theyrepresemUsomersunIessotherw.sespec.fi^^^ 40 

Arg: Arginine 
Trp: Tryptophan 
Asn: Asparagine 

Asp: Asparticacid 45 
45Thr: Threonine 
Ser: Serine 
Glu: Glutamic acid 
Gin: Glutamine 

Ala: Alanine 50 
50 Val: Valine 
Met: Methionine 
Met(0): Methionine sulfoxide 
Leu: Leucine 

NIe: Norleucine 55 
55 Phe: Phenylalanine 
Z: Carbobenzoxy 
Boc: t-Butyloxycarbonyl 
OBu»: t-Butyl ester 

OBzl: Benzyl ester ^ . • . 60 

60 ONB: N- hydroxy-5- norbornen- 2,3- dicarboximide ester 
MBS: p-Methoxybenzene sulfonyl 
HONB: N-hydroxy-5-norbomene-2.3-dicarboximide 

DCC: N,N'- dicycio hexyl carbodiimide 

DCU: N,N'- dicycio hexyl urea 55 
65 DMF: N,N-dimethylformamide 
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NMP: N-methyI-2- pyrrolidone 
TFA: Trifluoro acetic acid 
THF: Tetra hydro furan 
TEA: Triethyfamine 

5DCHA: Dicyclohexyl amine 5 
CMC: Carboxymethyl- cellulose 
BSA: Bovine serum albumin 
Hpa: p-Hydroxy phenyl acetic acid 
Hpp: p-Hydroxy phenyl propionic acid 

10 The peptide (I) according to this invention can be produced by procedures which are commonly employed 10 
in the art of peptide synthesis. ThuSr both the solid-phase and the liquid-phase methods of synthesis can be 
employed, although liquid phase synthesis is advantageous in many instances. Such methods for peptide 
synthesis have been described, for example in Schroder and Lubke: "The Peptides", Vol. 1 (1966), Academic 
Press, New York, U. S A and Neurath and Hil! "The Proteins", Vol. 2 (1976), Academic Press, New York, 

1 5 U.S J\. Thus, there may be mentioned the azide process, acid chloride process, add anhydride process, 1 5 

mixed acid anhydride process, DOC process, active ester process, the process involving the use of Wood- 
ward's Reagent K, carbodil midazole process, redox process, DOC/Additive (e.g. HONS, HOBt, HOSu) pro- 
cess, etc. 

a) Glucagon fragment (15-29) 

20 The compound (I) according to this invention can be produced by condensing a starting material having a 20 
reactive carbo. .yl group, which corresponds to either one of the two fragments of (I) as divided at an optional 
op^ of the pe* iide-Ilnkages, with a mating starting material having a reactive amino group, which corres- 
po. is to th'^jther of said two fragments, in a manner conventional perse and, if the resulting condensation 
produ'^ .'urries a protective group or protective groups, removing such protective group or groups in a 

25 manner conventional perse. 25 
In carrying out the reaction for the production of peptide (I), it is normally preferable that Asp be previously 
protected. In many cases, the contemplated product (I) is obtained on removal, in the final step, of protective 
groups from peptide (1) as protected in at least one of the constituent amino acid residues of peptide (I). The 
protection of functional groups which should not be involved in the reaction and which may be present in 

30 starting materials, the protective groups useful for the purpose, the removal of such protective groups, the 30 
activation of functional groups to be involved in the reaction, etc. may be carried out in manners conven- 
tional perse or be selected from among the known groups. 

As examples of the amino-protecting groups useful for the protection of amino groups in the starting 
materials, there may be mentioned carbobenzoxy, t-butyl oxycarbonyl, t-amyloxy carbonyl, iso bornyloxy 

35 carbonyl, p-methoxy benzyl oxy-carbonyl, 2-chloro benzyl oxy carbonyl, admantyl oxy carbonyl, 35 
trifluoroacetyl, phthalyl, formyl, o-nitro phenyl sulfenyl, diphenyl phosphino thioyi, etc. As examples of 
carboxyl- protecting groups, there may be mentioned such ester-forming groups as those capable of giving 
alkyi esters (e.g. methyl, ethyl, propyl, butyl, t-butyi, etc. esters), benzyl ester, p-nitrobenzyl ester, 
p-methoxybenzyl ester, p-chlorobenzyl ester, benzhydryl ester, etc and hydrazide-forming groups such as 

40 those capable of giving carbobenzoxy hydrazide, t-butyloxy-carbonyl hydrazide, trityl hydrazide, etc 40 
As groups for protecting the guanidino group of arginine, there may be mentioned nitro, tosyl, 
p-methoxybenzene sulfonyl, carbobenzoxy, Isobornyl oxycarbonyl, admantyl oxycarbonyl, etc. The 
guanidino group may also be protected in the form of a salt with an acid (e.g. benzene sulfonic acid, toluene 
sulfonic acid, hydrochloric acid, sulfuric acid, etc.) 

45 The hydroxyl group of threonine may be protected, for example by way of known esterification or 45 
etherification. As examples of groups suitable for said esterification, there may be mentioned lower alkanoyi 
groups (e.g. acetyl), aroyi groups (e.g. benzoyl), and groups derived from carbonic acid, such as benzyloxy 
carbonyl, ethyloxy carbonyl, etc. As groups suitable for said etherification, there may be mentioned benzyl, 
tetra hydropyranyl, t-butyl, etc. The hydroxyl group of threonine, however, need not necessarily be pro- 

50 tected. I\/lethlonlne may be previously protected in the form of a sulfoxide. As examples of the activated 50 
carboxyl group in the starting material, there may be.mentioned the corresponding acid anhydride,.azide, 
active ester (e.g. esters with pentachlorophenol, p-nitrophenol, N-hydroxy succinimide, N-hydroxy benzot- 
riazole, N-hydroxy-5- norbornene-2, 3-di-carboximide, etc.). Some reactions for the formation of peptide 
bonds may be conducted in the presence of a dehydrating agent (such as carbodiimide reagents, e.g. 

55 dicyclohexyl carbodiimide; carijodiimidazole, etc.). The condensation reaction for the production of the 55 
contemplated peptide (I) of this Invention can be carried out in the presence of a solvent The solvent may be 
selected from among the solvents which are known to be useful for the purpose of peptide-forming conden- 
sation reactions. Thus, for example, dry or aqueous dimethylformamide, dimethyl-sulfoxide, pyridine, 
chloroform, dioxane, dichloro methane, tetra hydrofuran, ethyl acetate, N-melhylpyrrolidone, etc. as well as 

60 suitable mixtures thereof may be mentioned. 60 
The reaction temperature may be selected from the range known to be useful for the purpose of peptide- 
forming condensation reactions. Thus, it may normally be within the range of about -40X1© about 60'C and, 
preferably, about -20°C to about OX. 
After the condensation reaction, any protective group or groups that may exist on the product peptide (I) 

65 can be removed by conventional procedures. As examples of such known procedures, there may be men- 65 
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tioned reductive procedures (e.g. hydrogenation with a catalyst such as palladium black, reduction with 
sodium metal in liquid ammonia), acidolysis (e.g. acidolysis with a strong acid such as trifluoroacetic aad, 
hydrogen fluoride, methane-suifonic acid, etc.) and so forth. 

The peptide (I) produced in the above manner can be isolated from the reaction mixture by Known 
5 oeDtide-separatlon procedures (e.g. extraction, distribution, column chromatography, ..nc). 5 

Since the peptide (I) contains arginine residues, it may be isolated in the form of a sal As exampl-s of 
acids capable of forming such salts, there may be mentioned Inorganic acids such as hyi'^-^lnji dod. 
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid. etc. and organic adds such as formic acid, acetic 
acid, propionic acid, lactic acid, dtric acid, oxalic acid, mqleic acid, etc - 
10 The starting materials for the production of the peptide (!) of this invention can also be prepared by the 10 
above-mentioned conventional procedures for peptide synthesis, i.e. by condensing amino acids in accor- 
dance with the amino acid sequence of each starting material. 

b) conjugato of the glucagon fragment (15-29) with bovine serum albumin by means ofglutafaldehyde, 

15 and , 

c) a novel antibody specificallY reactive to pancreatic glucagon • ^ . 
The conjugation of the pentadeca peptide (I) thus obtained with bovine serum albumin can be earned out 

bv the known olutaldehyde process [e.g. M. Reichlin. J. J. Schnure, and K. Vance, "Proceedings of The 
Society for Experimental Biology and Medidne 128. 347-350 (1968)"). Bovine serum albumin is used as the 

20 antigen carrier and, in some cases, may be replaced with other proteins useful forthe purpose. The optimal 
ratio of the glucagon fragment (I) to bovine serum albumin is 10 mg to about 20 mg and. in many instances, 
satisfactory results are obtained when the reaction pH is somewhere in tiie neighborhood of 7.3. While, m 
many cases, a reaction time of 2 to 6 hours is adequate at room temperature, a reaction time of about 3 hours 
will often prove particularly benefidal. x tK. 

25 The conjugate thus obtained can be dialyzed against water at about 4»C and lyophilized for storage 25 

Durposes in the known manner. li j 

This conjugate according to this invention is capable of producing an antibody which is highfy reactive and 
soedfic to pancreatic glucagon witii effidency when administered to a mammalian animal (e.g. rabbit 
mouse) in a manner conventional perse. The glucagon fragment (I) may be used in a barely sufficient 
30 amountfor antibody production and, in some instances, five subcutaneous administrations of about 2 mg 
each at intervals of 2 weeks may produce the antibody. 

d) A novel peptide (11) ... • .u 
It is well known that estimation of blood levels of pancreatic glucagon by radioimmunoassay requires the 

use of not only an antibody reactive specifically to pancreatic glucagon but also hormone lodinated with 

35 radioactive '»l or "'I which is also reactive specifically to the antibody. 

In known radioimmunoassay for estimation of blood levels of pancreatic glucagon, lodoglucagon is used. 

The iodo-glucagon, however, tends to react with non-spedfic antibodies crossreactive to gut glucagon and 

pancreatic glucagon. It is, thus, well known that a selective estimation of pancreatic glucagon alone is a 

40 '"S'e"'re?earch undertaken by us for the purpose of produdng an 1-labeled compound reactive specifically 40 
with antibodies specific to pancreatic glucagon led to the surprising discovery that a peptide of tiie formula 

Li'^^-r.,-CO-R,-Cl2-A6p-Ph.-V.l-Cln-Trp-:eu-H5-A.ll- 

45 (Ri and R2, respectively, represent H or radioactive 1; Ra is an alkane residue of up to 4 carbon atoms which 
may optionally have NHj or OH; R« is a peptide fragment corresponding to the 1 to 5 ammo acid residues 
ending with 19-alanyl of pancreatic glucagon; Rs represents Met or Nie) 
reacts specifically witii antibodies specific to pancreatic glucagon, and 
tiiata peptideof thefomiula (II'): :^^TY,.^,^...<;?t*»p-m-..i^u-Trp-u-a5-A.n- 



30 



35 



45 



(wherein R'l and R'^ are such that either one of them is radioactive I with tiie otiier being H or both of them 
are respectively radioactive I; Ra is an alkane residue of up to 4 carbon atonis which may optionally have NH2 

55 or OH; R4 is a peptide fragment corresponding to the 1 to 5 amino add residues ending with 19-alanyl of 
oancreatic glucagon; Rs represents Met or Nie) tu x- j- 

is of great value as a diagnostic agent for tiie radio-immunoassay of pancreatic glucagon. The findings were 
followed by further research which has culimated in tills instant invention. 
This invention is, therefore, directed to the peptide (II) and a diagnostic agent containing tiie peptide (II ) 

60 which is useful for the radioimmunoassay of pancreatic glucagon. , u iki mi 

^e radioactive iodine as represented by R,, M. R2 and M. respectively, may for examp^ be '«l or »'l. 

As examples of said alkane residue of up to 4 carbon atoms, which is designated by R3. there may be 
mentioned -CH2-, -CH2C2-, -CH2CH2CH2-, -CHjCHjCHjCHj- and soforth. These alkane residues may optionally 
have NH2 or OH. Where the N-terminal amino add residue of peptide (II) is tyrosyl, it may be any of the 1-, d- 

65 and racemic forms. 



50 



55 



60 



65 



4. GB2002387A" 



4 



R4 represents a peptide fragment corresponding to the 1 to 5 amino acid residues ending with 19-alanyl 

19 18 19 17 18 19 16 17 18 1915 16 17 18 19 
of pancreatic glucagon, thus meaning Ala, Arg-Ala, Arg-Arg-A!a, Ser-Arg-Arg-Ala or Asp-Ser-Arg-Arg-Ala. 

The peptide (II) according to this invention can be produced by the procedures perse established for 
5 peptide synthesis as mentioned before for the preparation of the glucagon fragment (I). 5 
In many instances, the peptide (ir) can be advantageously produced by iodinating the peptide (II) where 
Ri=R2sH with radioacth^e iodine in a manner conventionalperse. 

In the production of peptide (II), it is normally often preferable that Asp be previously protected. The final 
reaction step, in certain cases, comprises removing the protective group or groups from the protected 
10 peptide (II), i.e. the peptide (II) with at least one of its constituent amino acid residues having been protected, 10 
and, in other instances, comprises introducing the group of the formula 

15 into the remainder of the peptide (II) perse conventional acylation. 15 
The compound (11') may be produced labeling the peptide (11) {Ri=R2~H) with radiactive iodine by the 
conventional chloramine T method [W. M. Hunter and F. C. Greenwood, Nature 194, 495 (1962) ). 

By selecting a suitable set of reaction conditions, any of the peptide (11') wherein one of R'l and R'2 is 
radioactive I with the other being H, the peptide (W) wherein both of R'l and R'z are respectively radioactive I, 

20 or a mixture in an optional ratio of the mono- and di- iodinated compounds can be obtained. Chloramin T 20 
may be employed in a molar ratio of about 1 to 100, preferably about 2 to 60 relative to the peptide (II) 
(Ri=R2=H), for instance. Any of these compounds can be employed in the desired radioimmunoassay. The 
iodine-labeled peptide (If) may be separated from inorganic iodine by gel-filtration column chromatography 
on dextran gel (ag. Sephadex), column chromatography on ion-exchangers (e.g. anion exchangers) orthe 

25 like and, if desired, may be further lyophilized into powders. The iodinated peptide (ir) thus obtained reacts 25 
very efficiently with Pg-specific antibodies, the intensity of reactions being comparable with that of 
glucagon. 

The glucagon fragment (15-29) and the peptide (11) of this invention have various characteristics, some of 
which are as follows. 

30 (1) The glucagon fragment (15-29) is capable of producing antibodies highly reactive specifically to pan- 30 
creatic glucagon in spite of the length of the fragment being half that of glucagon. 

(2) The glucagon fragment (15-29) is incapable of producing an antibody reactive to gut glucagon when 
the fragment is administered to a mammalian animal. 

(3) The peptide (II) reacts with PG-specific antibodies derived from various antigens specifically and with 

35 efficiency. 35 

(4) The peptide (11') according to this invention is of use in applications where pancreatic glucagon in the 
blood can be accurately estimated by the radioimmunoassay which Is known perse. 

In the following examples, thin-layer chromatographic data were obtained by using Silica gel Plate 60 G254, 
(Merck, West Germany) or Cellulose Plate Avicel (registered Trade Marie) SF. (Funakoshi Yakuhin K. K., 
40 Japan) and the following developer solvent systems. 40 
Rf = chloroform- methanol- acetic acid = 9:1 :0.5 
Rf2 = chloroform- methanol- water = 7:3:0.5 
BP - n-butanol- pyridine-acetic acid-water = 30:20:6:24 

Example 1 

45 (1) Process for the production of Boc-Asn-Thr-OBzl 45 
In 300 ml of TFA was dissolved 1 12 g of Boc-Thr-OBzI and the solution was shaken at room temperature for 
20 minutes. To the solution was added 30 ml of concentrated hydrochloric acid and the solution was 
concentrated under reduced pressure. The residue was dissolved in 1 1 of THF and, after cooling with ice, the 
solution was neutralized with 50 ml of TEA. To this solution was added 76.7 g of Boc-Asn-OH, together with 

50 64.5 g of HONB and 74.3 g of DCC. The mixture was stirred for 15 hours. Following removal of the precipi- 50 
tated byproduct DCU by filtration, the solvent was distilled off under reduced pressure and the residue was 
dissolved in II of ethyl acetate. The solution was washed with 10% aqueous citric acid (300 ml x 3), saturated 
aqueous sodium hydrogen carbonate (300 ml x 3) and water (300 ml x 3) in the order mentioned, followed 
by drying over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure and ether (1 1) 

55 was added to the residue. The resultant powder was collected by filtration and recrystallized from aceto- 55 
nitrile. Yield 105.1 g (72.2%); m.p. 165-166qC; [ag^- 13.9Mc=0.9, DMF); Rf 0.51; 
Elemental analysis: calcd.forC2oH2907N3 
C, 56.75; H,6.90; N,9.92; 
found C, 57.01 ; H, 6.89; N, 9.94 

60 (2) Production of Boc-Met(0)-Asn-Thr-OBzl 60 
To 50.0 g of Boc- Asn- Thr- OBzl was added 170 ml of TFA and the mixture was shaken at room tempera- 
ture for 30 minutes. The mixture was concentrated and 500 ml of ether was added to the residue. The 
resultant powder was collected by filtration and dried. The powder was dissolved in 400 ml of thf and, after 
cooling with ice, 20 ml of TEA was added. Then, Boc-Met(0)-ONB (prepared as follows: 31 .3 g of Boc- 

65 Met(0) OH and 23.3 g of HONB were dissolved in 200 ml of THF and, after cooling with ice, 26.8 g of DCC was 65 
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added, foUowed by stirring for 4 hours) was added to the powder and the mixture was stirred for 15 hours. 
After the solvent was distilled off under reduced pressure, ethyl acetate {200 ml) and ether (200 ml) were 
added. The resultant powder was collected by filtration and repreciplated from acetonitrile. Yield 48.5 g 
(72.0%); m.p. 145-147X; [a g^. 6.5''{c= 1.1, DMF); Rf 0.19; 
5 Elemental analysis: calcd. for CtsHssOsNaS ^ 
C, 52.62; H, 6.71; N, 9.82; S, 5.62; 
found C, 52.44; H, 6.73; N, 9.60; S, 5.15 
(3) Production of Boc- Leu- Met(0)-Asn-Thr-0B2! 
To 15.0 g of Boc-Met(O)- Asn-thr- OBzl was added 45 ml of TFA and the mixture was shaken at room 

10 temperature for 45 minutes. The mixture was concentrated and 100 ml of ether was added. The resultant 10 
powder was collected by filtration and dried. This was dissolved in 50 ml of DMF and, after cooling with ice, 
5.7 ml of TEA was added. To this solution was added Boc-Leu-ONB (prepared from 6.69 g of Boc-Leu-OH, 
5.70 g of HONB and 6.56 g of OCC) and the mixture was stirred for 15 hours. The solvent was distilled off 
under reduced pressure and 200 ml of ethyl acetate was added to the residue. The resultant powder was 

15 collected by filtration and reprecipltated from acetonitrile-ethyl acetate. Yield 15.0 g (83.4%); m.p. 134-136"C, 
[a ]2«-15,r (c= 1.0, DMF); Rf 0.25; 
Elemental analysis: calcd. for CsiHwOioNsS 
C, 54.45; H, 7.22; N, 1 0.24; S, 4.69 
found C, 54.62; H, 7.60; N, 9.89; S, 3.95 

20 (4) Production of Z-Gln-Trp-OBzl ^ 

In 500 ml of THF was dissolved 50.0 g of H- Trp- OBzl p- toluene sulfonate and, under ice-coolmg, 15.4 ml ot 
TEA, 28.0 g of Z- Gin- OH, 19.7 g of HONB and 22.7 g of DCC were added. The mixture was stirred for 15 
hours. The precipitated DCU was filtered off, the filtrate was concentrated and the residue was dissolved in 
300 ml of ethyl acetate. The solution was washed with saturated aqueous sodium hydrogen carbonate (1 50 

25 mlx2),10%aqueouscitricacid(150ml x2)andwater(150mlx2)intheordermentioned.Afterthesolvent 25 
was distilled off, the residue was dissolved in 300 ml of THF and the insolubles were filtered off. The filtrate 
was concentrated and 500 ml of ether was added. The resultant powder was collected by filtration and 
reciystallized from acetonitrile. Yield46.1 g (82.8%); [a jg^ + 5.8" (c=1.0, DMF); Rf 0.60; 
Elemental analysis: calcd. forCsiHszOcN* 

30 C, 66.89; H, 5.80; N, 10.07 

found C, 66.79; H, 5.71 ; N, 10.20 

(5) Production of Z-Val-GIn-Trp-OH 
In 700 ml of methanol was dissolved 50.0 g of Z-Gln-Trp-OBzl and catalytic hydrogenation was carried out 

(catalyst- palladium black) for 5 hours. The resultant crystals were collected by filtration, suspended in 300 
35 ml of DMF and dissolved by addition of 1 3 ml of TEA. The catalyst was filtered off. To the filtrate was added 
37.0 g of Z-Val- ONB and the mixture was stirred for 10 hours, and neutralized with 100 ml of IN-hydrochloric 

acid. , 
To this solution was added 500 ml of water and the resultant powder was collected by filtration and 
washed well with methanol. Yield 43.0 g (84.7%); m.p. 246-247X; [ a J + 1 2.4^ (c« 0.9, DMF); Rf 0.14; 
40 Elemental analysis: calcd. for CzgHasOyNs: 
C, 61.58; H, 6,24; N, 12.38; 
found C, 61.86; H,6.30; N, 12.36 

(6) Production of Z-Phe-Val-Gln-Trp-OH 
In 1 00 ml of acetic acid was dissolved 5.1 g of Z-Val-Gln-Trp-OH and catalytic hydrogenation was earned 

45 out for 3 hours. The catalyst was filtered off and the filtrate was concentrated. The residue was suspended m 
200 ml of DMF, andZ-Phe-ONB (prepared from 2.70 g of Z-Phe-OH) and 2 ml of TEA were added. The mixture 
Was stirred for 7 hours. The solvent was distilled off under reduced pressure and acetic acid-water was added 
40 the residue. The resultant gel was taken by filtration and reprecipitated from methanol. 
Yield 5.50 g (84.5%); m.p. 240»C; [o ] « + 4.r (c= 1.0, DMF); Rf 0.15; 

50 Elemental analysis: calcd. for C38H440bN6.'/2H20 

• C, 63.23; H, 6.28; N, 11.64; 

found C, 63.1 1 ;H, 6.29; N, 11.80 

(7) Production of Boc-Asp(OBzl)-Phe-V3l-Gln.Trp-0H . „ i ^. ^ r^u ^ 
In a mixture of 150 ml of DMF and 50 ml of acetic acid was dissolved 8.5 g of Z-Phe-Val- GIn-Trp-OH and 

55 catalytic hydrogenation was carried out for 5 hours. The catalyst was filtered off and the filtrate was concen- 
trated. To the residue was added 100 ml of methanol and the resultant crystals were collected by filtration 
and suspended In 200 ml of DMF. To the suspension were added 3.0 ml of TEA and Boc-Asp(OBzl) ONB 
(prepared from 3.9 g of Boc-Asp (OBzl)-OH, 2.4 g of HONB and 2.7 g of DCC). The mixture was stirred fpr 1 0 
hours. The solvent was distilled off under reduced pressure and acetic acid-water was added to the residue. 

60 The resultant gel was taken by filtration and reprecipitated from DMF-water. Yield 6.3 g (58.1%); m.p. 
19M92X (decomp.); [ a ] 2^ - 6.2" (c-1.1, DMF); Rf 0.1 1 ; 
Elemental analysis: calcd. for C46H570iiN7- 3/2H2O 
C, 60.64; H, 6.63; N, 10.76 

found C, 60.30; H, 6.48; N, 1 1 .34 g 
65 (8) Production of Boc-Gln-Asp (OBzl)- Phe-Val-Gln-Trp-OH 
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In nitrogen gas streams, 50 ml of TFA was added to 6.0 g of Boc-Asp (OBzIh Phe-Val-GIn- Trp-OH. The 
mixture was shaken for 10 minutes and concentrated. To the concentrate was added ether and the resultant 
powder was collected by filtration and dissolved in 100 ml of OMF. To the solution was added 2.0 ml of TEA, 
followed by addition of Boc-Gln-ONB (prepared from 1.76 g of Boc-Gln-OH, 1.34 g of HONB and 1.54 g of 
5 DCC) and the mixture was stirred for 15 hours. To this mixture was added acetic acid-water and the resultant 5 
powder was collected by fi 

tration and reprecipitated from acetonitrile and water. Yield 5.50 g (82.6%); m.p. 210-212X (decomp.); [a 
10.r (c= 1.1, DMF);Rf 0.09; 
Elemental analysis: calcd.for CsiHesOiaNs 
10 C, 60.52; H, 6.47; N, 12.46; 10 
found C, 60.19; H, 6.37; N, 12.23. 

(9) Production of Z-Arg(MBS)-Ala-OBu« 

In 300 ml of methanol was dissolved 31 .0 g of Z-Aia-OBu< and catalytic hydrogenation was carried out for 5 
hours. The catalyst was filtered off and the filtrate was concentrated. Separately, 53.0 g of Z-Arg(MBS)- 

15 OH DCHA was suspended in 500 ml of ethyl acetate and the suspension was shaken well with 200 ml of 10% 15 
citric acid. It was then rinsed with water, dried over anhydrous sodium sulfate and dissolved in 500 ml of 
THF. To this solution was added the H-Ala-OBu* prepared as above, followed by the addition of 1 4.9 g of 
HONB. Under ice-cooling, 17.1 g of DCC was added and the mixture was stirred for 10 hours. The precipitated 
DUG was filtered off and the filtrate was concentrated and dissolved in 500 ml of ethyl acetate. It was then 

20 washed with 10% aqueous citric acid (200 ml x 3), saturated aqueous sodium hydrogen carbonate (200 ml x 20 
3) and water (200 ml x 3) in the order mentioned and dried over anhydrous sodium sulfate. The solvent was 
distilled off under reduced pressure and 300 ml of ether was added to the residue. The resultant powder was 
collected by filtration. Yield 44.5 g (66.8%); m.p. 126-127X; [o ]g5-6.0**{c-1.0, DMF); RP 0.62; 
Elemental analysis: calcd. for C28H3908N5S 

25 C, 55.52; H. 6.49; N, 1 1 .56; S, 5.27; 25 
found C. 55.71 ; a 6.49: N, 11.81:5.5.29 

(10) Production of Z-Arg(MBS)- Arg (MBS)- Ala-OBu* 

In 500 ml of methanol was dissolved 45 g of Z-Arg(MBS)- Ala-OBu* and hydrogenation was carried out for 5 
hours. The reaction mixture was concentrated and the residue was dissolved in 200 ml of DMF. To the 

30 solution were added Z-Arg(MBS)- OH (prepared from 49.7 g of Z-Arg(MBS)-OH-DCHA) and 14.0 g of HONB 30 
and, undercooling with ice, 16.1 g of DCC was added. The mixture was stirred for 15 hours. The precipitated 
DCU was filtered off, the filtrate was concentrated and the residue was dissolved in 500 ml of chloroform. 
The solution was washed with 10% aqueous citric acid (300 ml x 3), saturated aqueous sodium hydrogen 
carbonate (300 ml x 3) and water (300 ml x 3) in the order mentioned and dried over magnesium sulfate. The 

35 solvent was distilled off under reduced pressure and 300 ml of methanol was added. The resultant crystals 35 
were collected by filtration and recrystallized from methanol. Yield 52.4 g (79.2%); m.p. 1 16-1 18X; [a ] 
8.8" (c= 1.0, OMF); Rf^ 0.42; 
Elemental analysis: calcd. for C4iHs70i2N9S3-2H20 
C, 50.86; H, 6.35; N, 13.02; S, 6.62; 

40 found C,.51.05;H,6.08;N, 13.11; S, 6.62 40 

(11) Production of Boc-Ser-Arg{MBS)-Arg(MBS)-Ala-OBu' 

In a mixture of 80 ml of DMF and 300 ml of methanol was dissolved 30.0 g of Z- 
Arg(MBS)-Arg(MBS)-Ala-OBu^ and catalytic hydrogenation was carried out for 7 hours. The catalyst was 
filtered off and the methanol was distilled off under reduced pressure. To the residue were added 7.3 g of 

45 Boo- Ser-OH and 6.3 g of HONB. Under ice-cooling, 7.3 g of DCC was added and the mixture was stirred for 1 0 45 
hours. The precipitated DCU was filtered off, the solvent was distilled off under reduced pressure and the 
residue was dissolved in 500 ml of chloroform. The solution was washed with saturated aqueous sodium 
hydrogen carbonate (300 ml x 2) and water (300 mix 2), and dried over magnesium sulfate. The solvent was 
distilled off under reduced pressure and the residue was dissolved in 30 ml of chlorofom and applied to a 

50 column of silica gel (400 g). 50 
Elution was carried out with chloroform- methanol-acetic acid (9:0.7:0.35) and the fractions from 800 ml 
through 21 were pooled, concentrated and treated with ether to obtain a powdery product. Yield 25.5 g 
(79.0%); m.p. 85-88*^; [a ]»-20.9Mc= 1.0, methanol); Rf 0.33; 
Elemental analysis: calcd, for C4iH640i4NioS2'HzO 

55 C, 49.09; H, 6.63; N, 13.96; S, 639 55 
found C, 48.96; H, 6.55; N, 13.70; S, 5.84 

(12) Production of Boc-Asp(OB2l)- Ser- Arg(MBS)- Arg (MBS)- Ala-OH 

To 10.5 g of Boc- Ser- Arg(MBS)- Arg(MBS)- Ala- OBu^ was added 50 ml of TFA and the mixture was shaken 
at room temperature for 60 minutes. It was concentrated and treated with 300 ml of ether. The resultant 

60 powder was collected by filtration and dissolved in 50 ml of DMF. To this solution were added 4.1 ml of TEA 60 
and Boc-Asp(OBzl)' ONB (prepared from 3.40 g of Boc-Asp (OBzl) OH, 1 .97 g of HONB and 2.27 g of DCC) and 
the mixture was stirred for 15 hours. The solvent was distilled off under reduced pressure. To the residue 
was added acetic acid -water and the resultant powder was collected by filtration, dried and reprecipitated 
from acetonitrile-ether. Yield 6.0 g (51.5%); m.p. 126-130't:; [a Jg^ + 3.5" (c= 1,0, DMF); Rf 0.17; 

65 Elemental analysis: calcd. for C48H670i7NiiS2- 2H20 65 
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0,49.26; H, 6.12; N, 13.17; S, 5.48; 
found a 49.62; H, 5.84; N, 13.00; S, 5.03 

(13) Production of Boc-GIn- AsplOBzl)- Phe-Val-GIn- Trp-Leu- Met- (0)- Asn-Thr-OBzl 

To 3.25 g of Boc-Leu-Met{0) -Asn-Thr-OBzl was added 25 ml of TFA and the mbcture was shaken at room 
5 temperature for 15 minutes. It was then concentrated and the residue was treated with 100 ml of ether. The 5 
• resultant powder was collected by filtration and dried. The powder was dissolved in 1 0 ml of NMP and 
shaken well with 2 ml of TEA, followed by addition of 1 00 ml of ether. The resultant powder was collected by 
filtration again and dissolved in 100 ml of DMR To the solution were added 4.80 g of Boc-Gln-Asp{OBzi)- 
Phe-Val-GIn- Trp-OH and 2.70 g of HONB. Under ice-cooling, 1 .55 g of OCC was added and the mixture was 
10 stirred for 58 hours until a gel-like reaction mixture was produced. 10 
The solvent was distilled off under reduced pressure and the residue was washed well with aqueous 
acetonitrile. Yield 5.75 g (76.8%); m.p. 234'C (decomp.); [a Ig^- 15.8°(c=0.4; acetic acid); Rf^O.eS; 
Elemental analysis; calcd. for CttHkmOzoNmS 
C, 58.61; H, 6.64; N, 12.43; S, 2.03; 
15 found C, 59.13; H, 6.96; N, 12.40; S, 1.70 _ ^ 15 

(1 4) Production of Boo-Asp(OBzl). Ser-Arg(MBS)- Arg(MBS)- Ala-Gin- Asp(OBzl)- Phe-Vai- Gin- Trp- Leu- 
Met(O)- Asn-Thr-OBzl . , . , 

To 5.20 g of Boc-Gln-Asp (OBzl)- Phe-Val-GIn- Trp- Leu- Met (0)- Asn- Thr- OBzl was added 1 ml of anisole 
and, in streams of nitrogen gas, 35 ml of TFA was added. The mixture was stirred at room temperature for 15 

20 minutes and concentrated. The residue was treated with 100 ml of ether and the resultant powder was 20 
collected by filtration. The powder was dissolved in 20 ml of NMP and shaken well with 2.77 ml of TEA, 
followed by addition of 200ml of ether. The resultant powder was collected by filtration and dissolved in 1 50 
ml of DMF. To this solution were added 3.66 g. of Boc-Asp(OBzl)- Ser- Arg(MBS)- Arg(MBS)- Ala-OH and 2.36 
g of HONB. The mixture was cooled to -lO'C with ice-NaCI, followed by addition of 1 .02 g of DCC. The 

25 reaction mixture was stirred at O'^C for 10 hours and, then, at room temperature for 24 hours, the precipitated 25 
DCU was filtered off. The solvent was distilled off under reduced pressure and 50 ml of water was added to 
the residue. The powder was collected by filtration and washed well with aqueous acetonitrile. Yield 5.3 g 
(61.1%); m.p. 237X (decomp.); [a ) 26-7.r {c= 0.9, acetic acid); Rf^ 0.63; 
Elemental analysis: calcd. for Ci2oHi6i034N2sS3-2H20 

30 C, 54.82; H, 6.32; N, 13.32; S, 3.57; 30 
found C, 54.47; H, 6.16; N, 13.07; S, 3.47 

(15) Production of H-Asp-Ser- Arg-Arg- Ala-Gin- Asp-Phe- Val-GIn- Trp-Leu-Met(O)- Asn-Thr-OH 

To 400 mg of Boc-Asp(OBzl)- Ser- Arg(MBS)- Arg(MBS)- Ala-Gin- Asp(OBzl)- Phe-Val-Gln-Trp- Leu-Met(O)- 
Asn-Thr-OBzl was added 0.25 ml of anisole. With the addition of 5 ml of methanesulfonic add, the mixture 

35 was shaken at room temperature for 60 minutes. Then. 100 ml of ether was added, whereupon an oily 35 
precipitate was produced. The ether was removed by decanting, the residue was dissolved In 10 ml of water 
and the solution was passed through a column (1x10 cm) of Amberlite (registered Trade Mark) IRA-410 
(acetate-fonn). The effluent (50 ml) was cooled with ice and stirred widi 10 ml of 3N-aqueous ammonia at O'^C 
for 30 minutes and lyophilized. The lyophilisate was dissolved in 30 ml of water and run onto a column (2.2 x 

40 18 cm) of CMC Elution was carried out by the linear gradient method from water (500 ml) to 0.2M aqueous 40 
ammonium acetate (500 ml). The fractions from 150 ml through 195 ml were pooled and lyophilized. Yield 
150 mg. This product was dissolved in 20 ml of water and the solution was run onto a column (1 .6 x 5 cm) of 
Amberlite XAD-2. Elution was carried out by the linear gradient method from water (200 ml) to 80% ethanol 
(200 ml) and the fractions from 180 ml through 225 ml were pooled. The ethanol was distilled off and the 

45 residue was lyophilized. Yield 1 1 5 mg; [ a - 33.6** (c= 0.6, 50% aqueous acetic acid); RP 0.54 (Avicel), 45 
amino acid analysis (hydrolysis with 5.7N-HCI containing 4% thioglycolic acid): Arg 2.03(2); Trp 0.87(1 ); Asp 
3.03 (3); ThrO.97 (1); Ser 0.73 (1); Glu 2.13(2); Ala 1.00 (1); Vai 1.03 (1); Met 1.00 (1); Leu 1.03(1); Phe 1.03(1) 
(peptide content 85.7%). , ^ ^ r^x.r t 

(16) Production of H-Asp-Ser- Arg- Ai^- Ala- Gin- Asp-Phe-Val- Gin- Trp- Leu- Met- Asn-Thr- OH [glucagon 

50 {15-29)1 

In 20 ml of 5% aqueous thioglycolic acid was dissolved 225 mg. of H-Asp- Ser-Arg-Arg- Ala- Gin- Asp- 
Phe-Val- Gin- Trp- Leu- Met(O)- Asn-Thr- OH and the solution was allowed to stand at 50'C for 20 hou rs, 
whereupon a gel separated. The water was distilled off under reduced pressure and the residue was dissol- 
ved in 5 ml of 50% acetic acid. The solution was run onto a column (2.3 x 1 18 cm) of Sephadex (registered 

55 Trade Mark) G-25 and elution was carried out with 50% aqueous acetic acid. The fractions from 180 ml 55 
through 240 ml were pooled and lyophilized. Yield 220 mg; [ a ] «-30,0'* (c= 0.3, 50% aqueous acetic acid); 
Rf3 0.59 (Avicel); amino acid analysis (hydrolysis with 5.7N-HCI containing 4% thioglycolic acid): 
Arg 2.15(2); Trp 0.91(1); Asp 3.13(3); Thr0.99(l); Ser 0.87(1); Glu 2.20(2); Ala 1.05(1); Val 0.96(1); Met 1.00(1); 
Leu 1.07(1); Phe 1.07(1) (peptide content 79.3%) 

QQ Example 2 60 

Production of glucagon (1 5-29)- BSA conjugate 

In 4 ml of 0.2M phosphate buffer (pH 7.3) were dissolved 10 mg of glucagon (15-29) and 20 mg of BSA, 
followed by the addition of 4 ml of 5% aqueous glutalaldehyde. The mixture was stirred at room temperature 
for 3 hours, dialyzed (against water, 21 x 4) at 4X and lyophilized. Yield 38 mg. 
gg Examples b5 
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Production of antibody 

In 1 ml of distilled water was dissolved 8 mg of the conjugate of glucagon (15-29} with BSA (the conjugate 
of 2 mg of glucagon (15-29) with BSA) prepared in the same manner as Example 2, followed by the addition 
of 1 ml of Freund complete adjuvant The components were admixed well to prepare an emulsion and 
5 subcutaneously injected into rabbits in several different sites. The above procedure was repeated 5 times at 5 
intervals of 2 weeks and, on the 10th day following the last injections, blood samples were taken- and a pilot 
assay was carried out The result showed that the glucagon antibody was produced that reacted specifically 
with pancreatic glucagon but did not react with gut glucagon and was usable at the final dilution factor of 
63000 times. This antibody did not react with various glucagon fragments (glucagon (15-23) NHz, glucagon 
10 (V14) OMe, glucagon (25-29)]. 10 

Example 4 

(1) Production of HPa-ONB - 

In 20 ml of TMF was dissoh/ed 1 .52 g of p-hydroxy- phenyl acetic add (Hpa) and« under ice-cooling, 1 .97 g 
of HONB and 2.27 g of DCC were added and the mixture was stirred for 4 hours. Then, the reaction mixture 

15 was further stirred at room temperature for 15 hours. The precipitated DCU was filtered off and the solvent 15 
wad distilled off under reduced pressure. To the residue was added petroleum benzin and the resultant 
crystals were collected by filtration and recrystalilzed from ethyl acetate- petroleum benzin. Yield 2.50 g 
(79.9%); m.p.137-138*'C; 
Elemental analysis: calcd.for CnHisOsN: 

20 a 65.17; H, 4.82; N, 4.47; 20 
found C, 65.32; H, 4.91 ; N, 4.75 

(2) Production of Hpa- Asp- Ser- Arg- Arg- Ala- Gin- Asp- Phe- Val- Gin- Trp- Leu- Met- Asn- Thr-OH 

In a mixture of 5 ml of DMF and 1 ml of water was dissolved 110 mg of H-Asp- Ser- Arg- Arg- Ala- Gin- Asp- 
Phe- Val- Gin- Trp- Leu- Met- Asn- Thr-OH, followed by the addition of 30 mg of Hpa-ONB. The mixture was 
25 stinred for 15 hours, whereby a gel separated out The solvent was distilled off under reduced pressure and 25 
the residue was dissolved in 5 ml of 50% acetic acid. The solution was run onto a column (2.3 x 1 18 cm) of 
Sephadex G-25 and elution was carried out with 50% acetic acid. The fractions from 170 ml to 270 ml were 
pooled and lyophilized. Yield 105 mg; [a + 2.6° (c^ 0.55, acetic acid); Rf^ 0.64 (Avicel ®); amino acid 
analysis: Arg 2.46(2); Trp 1.02 (1); Asp 3.31(3); Thr 0.90(1); Ser0.79(1); GIu 2.16(2); Ala 0.91 (1); Val 1.00 (1); 
30 Met 1.02(1); Leu 0.98(1); Phe 0.81(1) (peptide content 74%) 30 

Examples 

Production of Hpp-Asp-Ser- Arg- Arg-Ala-GIn- Asp-Phe- Val-GIn- Trp- Leu- Met-Asn-Thr-GH 
In 1 ml of DMF was dissolved 15 mg of p-hydroxy phenyl- propionic acid (Hpp) and, under ice-cooling, 20 
mg of HONB and 23 mg of DCC were added. The mixture was stirred at that temperature for 15 hours. 
35 Separately, 1 1 0 mg of H-Asp- Ser- Arg- Arg- Ala- Gin- Asp- Phe- Val- Gin- Trp- Leu- Met- Asn- Thr-OH was 35 
dissolved in a mixture of 5 ml of DMF and 1 ml of water. To this solution was added the DMF solution of 
Hpp-ONB prepared as above and the mixture was stirred for 15 hours. The solvent was distilled off under 
reduced pressure, the residue was dissolved In 5 ml of 50% acetic acid and the solution was run onto a 
column (2.3 x 1 18cm) of Sephadex G-25. Elution was carried out with 50% acetic acid and the fractions from 
40 ISO ml to 285 ml were pooled and lyophilized. Yield 100 mg; [ a + 3.0° (c= 0.50, acetic acid); Rf^ 0.65 40 
(Avicel); amino acid analysis: Arg 2.20(2); Trp 0.95 (1); Asp 3.25(3); Thr 1.00(1); Ser 0.82(1 ); Glu 2.26(2); Ala 
1.02 (1); Val 1.00 (1); Met 1.02 (1); Leu 0.99 (1); Phe 1.05(1) (Peptide content 76.0%) 

Example 6 

Production of H-Tyr-Asp- Ser- Arg- Arg- Ala- Gin- Asp- Phe- Val- Gin- Trp- Leu- Met- Asn- Thr- OH 
45 In 1 ml of DMF was dissolved 30 mg of Boc-Tyr-OH and, under ice-cooling, 20 mg of HONB and 23 mg of 45 
DCC were added. The mbcture was stirred for 1 5 hours. Separately, 1 10 mg of H-Asp-Ser-Arg- Arg-Ala- 
Gln-Asp-Phe- Val-GIn- Trp-Leu- Met- Asn-Thr-OH was dissolved in a mixtu re of 5 ml of DMF and 1 ml of 
water. To this solution was added the DMF solution of the Box-Tyr-ONB prepared as above and the mixture 
was stirred for 15 hours. The solvent was distilled off under reduced pressure. The residue was shaken with 2 
50 ml of trifluoro acetic acid at room temperature for 10 minutes and distilled under reduced pressure. The 50 
residue was dissolved in 5 ml of 5% acetic acid and the solution was passed through a column (1 x 10 cm) of 
Amberlite IRA-410 (acetate-form). The effluent was concentrated under reduced pressure and the concen- 
trate was run onto a column (2.3 x 1 18 cm) of Sephadex G-25, elution being carried out with 50% acetic acid. 
The fractions from 185 ml to 280 ml were pooled and lyophilized. 
55 Yield 93 mg; [a Ig" - SS.O" (c = 0.3, 50% acetic acid); RP 0.61 (Avicel ®); amino acid analysis: Arg. 2.33(2); 55 
Trp 0.93(1); Asp 3.34(3); Thr0.95(l); Ser0.83(l); Glu 2.17(2); Ala 1.00(1); Val 1.05(1); Met 1.00(1); Leu 0.93(1); 
Tyr 0.97(1); Phe 1.03(1) (peptide content 75%) 

txample 7 

(1) Production of Z-Arg(MBS)-j^rg(MBS)- Ala-OH 

60 ln20 miof TFAwasdissolved3.0gofZTArg(MBS)-Arg(MBS)-AIa*OBu».Thesolutionwasshaken atroom 60 
temperature for 40 minutes and the solvent was distilled off under reduced pressure. Ether was added to tiie 
residue and the resultant powders were collected by filtration and dried. The dried powders were purified by 
silica gel column chromatography (40 g silica gel: developer solvent: chloroform-methanol-acetic acid = 
9:1 :0.5), the resultant oil was treated with ether and the powders thus formed were collected by filtration. 

65 Yield 2.1 g (73.0%); m.p. 112-115'C; (a ]2'-2.5Mc = 1.1%,DMF); 65 
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Elemental analysis: calcd. forCwH430wN9S* HiO 

C, 49.71; H, 5.75; N. 14.10; 5,7.17; 

found C. 49.87; H, 5.87; N, 13.96; S, 6.76 
(2) ProductionofH-Arg-Arg-Ala-Gln-Asp-Phe.Val-Gln-Trp-Leu-Met(0)-AsrvThr-OH 
5 fo800mgofBoc^lnXp(OBzl)-Phe-Val-GlrvTrp-Leu-Met(0)-Asn-Thr-OBzlwasadded0.2ml^ 

and in nitrMen gas strums. 10 ml of TFA was added and the mixture was shaken at roonr. temperature for 

10 r;inutes.TheTFA was distilled off under reduced pressure, the residue was treated^^^^ 
Lltantpowderrs were collected byfiltration. The powders were dissolvedmSml of ^ 

L«h .tinn wa.: nautralized with TEA, it was treated with ether. The resultant powders were collected by 
lOrSnldrsoted nlom'iy^ 

riewascooledwithice-Naafoll^^^^ . 

lMStirredfor24 hours and the solvent was distilled off under reduced pressure. To tiie residue was added 

50 ml of ethyl acetate and the resultant powders were collected by filtration and washed with aqueous 

acetonitrile. Yield 680 mg. A500 mg portion of the product was taken and 0.2 ml of anisole and 5 ml of 
15 methane sulfonic acid were added. The mixture was shaken at room temperature for one hour and, then, 100 is 

dissolved in 10 ml of water and the solution was passed through a column (1 x 10cm) of Amberiite IRA-410 
(acetate-form). The effluent was treated with 0.5N -ammonia at O^C for 30 minutes and lyophilized. The 
SSh sMe was dissolved in 50 ml of water and run onto a column (2.4 X 16cm) CMC By t^^ hn^^^^ 
20 gradient method, elution was carried out from water (500 ml) to 0.2M-aqueous ammonium acetate (500 ml) 
and the fractions from 21 5 ml to 305 ml were pooled and lyophilized. 
Yield50mg;[o]«-48.2»(c=0.5%,0.1N-HCI);Rf90.53(Avicel®). . . ^ „^ 
(Sproduc^ionofH-Arg-Atg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr-OH 

nsJSSyccJicad^^ 

25 Phe-VaTGIn-Trp Leu Met(0)- Asn-Thr-OH and reduction was carried out at 45°C for 24 hours. Then, the 
S milre'was run onto a column (2.4 x 122 cm) of Sephadex G-25 and '^"J^f ^ "^T^f ""^^^^^^^ 
M% aqueous aceticacid.Thefractions from 180 m/ to 250 nywerepooleda^ 
41.9-( c=0.4%, 0.1 N-HO); RP 0.55(Avicel®); amino acid analysis: Trp 0.69(1); 2-25(2) Asp 2. Wl, 
Thr0.97(1); Glu 2.16(2); Ala 1.00(1); Val 1.01(1); Met0.97(l|; Leu 1.01(1); Phe 1.05(1); (peptide content 78%) 

30(4) ProductionofHpa-Arg-Arg-Ala-Gln-Asp-Phe-Vai-Gln-Trp-Leu-Met-Asn-Thr-OH 

n a mixture of 2 ml of DMF and 0.5 ml of water was dissolved 20 mg of H-Arg- Arg-AIa-Gln-Asp- Phe-Val- 
Gln-CZMet-Asn-Thrmfollowedbyadditionof7mgo^ 
hi^^Ja'ndwasrlontoacolum^ 

or\ri ThP fractions from 170 ml to 210 ml were pooled and lyophilized. Yield 18 mg, Rf 0.61 lAviceu, ammo 
aS^SJan^STpX^^^^^ 

0.98(1); Leu 1.11(1); Phe 1.03(1); (peptide content 76%). 

Examples 

(1) Production of Z-Arg(WIBS)-Ala-OH : ; . 

In 10 ml of TFA was dissolved 1.3 g of Z-Arg(MBS)- Ala- Obu' and the solution was shaken at room 
•40 temperature for40 minutes. The sokent was then distilled off under reduced pressure. To the residue was 
added 50 ml of ether and the resultant powders were collected by filtration. The powders were punfied by 
silica gel chromatography (20 g silica gel; developer solvent = chloroform-methanol- acetic acid = 9:1:0.5). 
the rrsultant oil was treated with ether and the powders thus obtained were collected by filtration. 
Yield 0.90 g (76.2%); m.p. 68-70''C; [a ] » + 3.4° (c= 0.8%. DMF); 
45 Elemental analysis : calcd. for C24H3)08N5S.: 
C. 52.45; H. 5.69; N, 12.74; S, 5.83; 
found C. 52.05; H, 5.94; N, 12.53; S, 5.61 

(2) Production of H-Arg- Ala -GIn-Asp-Phe-Val-Gln-Trp-Leu- Met (0)- Asn-Thr-OH ^ , 
450mgofBoc-Gln-Asp(0Bzl)-Phe-Val-Gln-Trp-Leu-Met(O)-Asn-Thr-OBzlwastreated^^^^ 

50 Example 7 and dissolved in 10 ml of DMF. To the solution was added 160 mg of Z-Arg- (MBS)- Ala-OH and 
undercoolingwithice-NaCI.104mgofHONBand90mgofDCCwere8ddedandthem,xturewass.^^^^^^^^ 

24 hours. The solvent was distilled off under reduced pressure, ethyl acetate was added to the residue and 
the resultant powders were collected by filtration and washed with aqueous acetonrtrilo. Yield 460 mg. 
A 350 mg portion of this product was taken and shaken with 0.20 ml of anisole and 3 ml of methane 

55 sulfonic add at room temperature fori hour. To this was added 100 ml of ether whereby an oily precipitee 
WMformed.The ether layer was discarded by decanting, the residue was dissolved .n 20 ml of water and the 
TutiorvSpSLed through an ion-exchange column(1 X lOcm)ofAmberiitelRA^^^^ 
effluem was treated with 0.5Naqueousammoniaat0^for30 minutes and Mph^^^^^^^ 
was added 4 ml of 30% acetic acid and the mixture was run onto a column (3.4 x 57cmJ of Sephadex LH-20. 

60 elution being carried out with 30% acetic add. The fractions from 200 ml to 250 ml were pooled and 
lyophilized. Yield 40 mg; (a )? - 42.1° (c= 0.4%, 0.1 N HCI); Rf 0.59 (Avicel ®) 

(3) Production of H-Arg- Ala-Gin- Asp-Phe-Val-GIn- Trp- Leu- Met-Asn-Thr- OH 
In2 5ml of 5%thioglycolicadd-50% aqueous acetic add was dissolved 25 mgofH-Arg- Ala-Gin- Asp- 

Phe-Val-Gln- Trp- Leu-Met(0)- Asn-Thr-OH and reduction was carried out at 45X for 24 hours. The reaction 
65 mSture was run onto a column (3.4 x 57 cm) of Sephadex LH-20 and elution was carried out with 30% 
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aqueous acetic acid. The fractions from 200 ml to 240 ml were pooled and lyophilized. Yield 20 mg; RP 0.62 
(Avicel ®); amino acid analysis: Trp 0.74 (1); Arg 1.13(1); Asp 2.08(2); ThrO.95 (1); Glu 2.03 (2); Ala 1.00 (1); 
Val 0.98 (1); MetO.93 (1); Leu 0.99(1); Phe0.98(1) (peptide content 79%) 
(4) Production of Hpa-Arg- Ala-GIn- Asp-Phe- Val- Gin- Trp- Leu- Met- Asn-Thr- OH 

5 In a mixture of 2 ml of DMFof 0.5 ml of water was dissolved 15 mg of H-Arg-Ala-GIn- Asp-Phe- Val-Gln-Trp- 5 
Leu- Met-Asn-Thr- OH, followed by addition of 7 mg of Hpa-ONB. The mixture was stirred for 15 hours. The 
reaction mixture was run onto a column (2.3 x 1 18 cm) of Sephadex G-25 and elution was carried out with 
50% acetic acid. The fractions from 175 ml to 205 ml were pooled and lyophilized. Yield 13 mg. 
0.68(Avicel(|>); amino acid analysis: Trp 0.72(1); Arg 1.13(1); Asp 2,15(2); Thr 1.00(1); Glu 2.15(2); Ala 1.02(1); 

10 Val 1.00(1); Met0^5{1); Leu 0.98 (1); Phe0.98{l) (peptide content 76%) 10 

Examples 

(1 ) Production of H-AIa-Gln-Asp-Phe-Val-GIn- Trp-Leu- Met (0)- Asn-Thr-OH 

800 mg of Boc-Gln-Asp(OB2l) -Phe-Val-Gln-Trp- Leu-Met (0)- Asn-Thr-OBzI was treated with TFA was in 
Example 7 and dissolved in 10 ml of DMF. To this solution was added Z-Afa-ONB (prepared from 1 20 mg of 

15 Z-AIa-Oh. 100 mg of HONB and 110 mg of DCC) and the mixture was stirred for 24 hours. Ths solvent was 15 
distilled off under reduced pressure, ethyl acetate was added and the resultant powders were collected by 
filtration. Yield 760 mg. A 500 mg portion of this product was taken and 0.5 ml of anisole and 5 ml of methane 
sulfonic acid were added. The mixture was shaken at room temperature for one hour. To this was added 100 
ml of ether, whereby an oily predpitate was produced. The ether layer was removed by decanting. The 

20 residue was dissolved in 30 ml of 50% aqueous acetic acid, the solution was passed through an ion- 20 
exchange column ( 1 x lOcm) of Amberlite IRA 410 (acetate form) and the effluent was lyophilized. The 
lyophilisate was suspended in 1 0 ml of water, treated with 0.5N -aqueous ammonia at 0'*C for 30 minutes and 
lyophilized. The lyophilisate was dissolved in 5 ml of 50% acetic acid and the solution was run onto a column 
(3.4 X 57cm) of Sephadex LH-20, elution being carried out with 50% acetic acid. The fractions from 215 ml to 

25 265 ml were pooled and lyophilized. Yield 55 mg; HP 0.68 (Avicel ®) 25 

(2) Production of H-Ala-GIn-Asp- Phe-Val-GIn- Trp-Leu- Met-Asn-Thr- OH 

In 3.0 ml of 5% thioglycollc acid- 50% aqueous acetic acid was dissolved 30 mg of H-Ala-GIn- Asp- Phe-Val- 
Gln- Trp- Leu-Met(0)- Asn-Thr- OH and reduction was carried out at 45X for 24 hours. The reaction mixture 
was run onto a column (3.4 x 57 cm) of Sephadex LH-20 and elution was carried out with 50% acetic acid. 
30 The fractions from 235 ml to 280 ml were pooled and lyophilized. Yield 23 mg; Rf 0.72(Avicel ®); amino acid 30 
analysis; Trp 0.76(1); Asp 2.15(2); Thr 0.93 (1); Glu 2.15(2); Ala 0.97(1); Val 1.00 (1); MetO.92 (1); Leu 1.02 (1); 
Phe 1.02 (1) (peptide content 82%) 

(3) Production of Hpa-Ala- Gin- Asp-Phe- Val- Gin- Trp- Leu- Met-Asn- Thr- OH 

In a mixture of 2 ml of SMF and 0.5 ml of water was dissolved 20 mg of H-Ala-Gln-Asp- Phe-Val- Gln-Trp- 
35 Leu-Met- Asn-Thr- Oh, followed by the addition of 0.1 ml of TEA. Then, 9 mg of Hpa-ONB was added. The 35 
mixture was stirred for 15 hours. The reaction mixture was run onto a column (2.3 x 118 cm) of Sephadex 
G-25 and elution was carried out with 50% acetic acid. The fractions from 1 60 ml to 185 ml were pooled and 
lyophilized. Yield 18 mg; Rf^ 0.79 (Avicel ®); amino acid analysis: Trp 0,73(1); Asp 2.05(2); Thr 0.94 (1); Glu 
2.13(2); Ala 1.00(1); Val 0.97(1); Met0.90(1); Leu 0.99(1); Phe 1.00(1) (peptide content 81%) 
40 Example 10 40 

(1 ) Production of Boc-Nle-Asn- Thr-OBzl 

Boc- Asn-Thr- OBzl (3.1 g) was dissolved in TFA (30 ml), and the solution was allowed to stand at room 

temperature for 10 minutes, and the solvent was evaporated. The residue was triturated with ether to give 

powders, which were dissolved in DMF (30 ml) together with TEA (1,5 ml) and to this was added Boc-Nle- 
45 ONB which was prepared from Boc-Nle-OH (1.69 g), HONB (1.50 g) and DCC (1,73 g). The mixture was stirred 45 

at room temperature for 15 hours and the solvent was evaporated. The residue was triturated with water (50 

ml) to give powders, which were collected by filtration and washed with etiier. 

Yield 3.8 g (96.7%); m.p. 160-163X (a ]g'-6-13.e" (c= 0.8, DMF); 

Elemental analysis: calcd. for C26H«o08N4 
50 C, 58.19; H,7.51; N, 10.44 50 

found C, 58.40; H, 7.60; N, 10.37 

(2) Production of Boc- Leu-Nle-Asn- Thr-OBzl 

Boc-Nle-Asn- Thr-OBzl (3.50 g) was treated with TFA (30 ml) and the solvent was evaporated. The residue 
was triturated with ether to give powders, which were dissolved in DMF (30 ml) together with TEA (1.2 ml). 

55 To this was added Boc-Leu-ONB which was prepared from Boc-Leu-OH (1.66 g), HONB (1.41 g) and DCC(1.63 55 
g). The mixture was stirred at room temperature for 1 5 hours and the solvent was evaporated. The residue 
was triturated witii water (50 ml) to give powders, which were collected by filtration and washed witii ethyl 
acetate. Yield 3.60 g (83.8%); m.p. 200-20rC (a -22.7- (c- 0.8, DMF), Rf 0.60 
Elemental analysis: calcd. forC32H5i09N5-y2H20 : 

60 C, 58.34; H, 7.96; N, 1 0.63 60 
found C, 58.06; H, 7.99; N, 1 1 .02 

(3) Production of Boc-GIn- Asp{OBzl)- Phe-Val-GIn- Trp-Leu- NIe- Asn-Thr- OBzI 
Boc-Leu-Nle-Asn- Thr-OBzl(2.00 g) was treated with TFA (20 ml) and the TFA salt obtained was then 

converted to the corresponding free base with TEA (1 .3 ml) in DMF, followed by precipitation witii ether. The 
65 free base was dissoh^ed in DMF (40 ml) togetiier with Boc-GIn- Asp{OBzl)- Phe-Val-GIn- Trp-OH (3.00 g) and 65 
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to this were added HONB (2.20 g) and DCC (1 .27 g) at O^a . ^ • u 

After the mixture was stirred for 48 hours, the solvent was evaporated and the residue was triturated with 
water (50 ml) to give powders, which were collected by filtration and washed well with aqueous acetonitrile. 
Yield 3.3 g m.p^lO-214'C (decomp.) [o ] ^i-s .11.8Mc« 0.6, NMP) RP0.6S 
5 Elemental analysis: calcd. for CtsHiosOisNm ^ 
C, 60.68; H,6.92; N, 12.73 

found C,60.92;H,7.30;N, 12.76 . ^ , . -ru nuirMi 271 

(4) Production of H-Asp- Ser-Arg- Arg- Ala-GIn- Asp- Phe- Val- GIn-Trp-Lcu- NIe-Asn- Thr-OH ([Nle^] 

10 Bw>G"n-^^^ Phe- Val-GIn- Trp-Leu-Nle-Asn- Thr-OB2l(3.0 g) was treated with TFA (25 ml) in the 1 0 

presence of ethane dithiol (0.2 ml) at room temperature for 10 minutes and the TFA salt obtained was then 
converted to the corresponding free base with TEA (0.8 ml) in NMP, which was followed by precipitation with 
ether 

The free base was dissolved in DMF (50 mi) together with Boc-Asp(OB2l)-Ser- Arg(MBS)- Arg(MBS)- 
15 Ala-OH (2.1 g) and to this were added HONB {0.71 g) and DCC (0.60 g) under cooling with ice-sodium 15 

*^^After the mixture was stirred for 24 hours, the DCU formed was filtered off and the filtrate was subjected to 
evaporation. The residue was triturated with ethylacetate to give powders, which were collected by filtration 
and washed with ethyl acetate. Yield 3.6 g. ..... ^ ^ u ^ -«fl..«.w-/in on 

20 The protected penta decapeptide (1 .0 g) thus obtained was dissolved in anhydrous hydrogen fluoride (10 20 
ml)inthepresenceofanisole(lml)andthemixturewaskepttostandatOXfor60minutes. 

After evaporation of the soNent, the residue was dissolved in water (50 ml) and then washed with ether (50 
ml X 2). The solution was passed through a column (1 x 10 cm) of Amberlite IRA-410 (acetate form) and the 
passed solution and washings were combined and lyophilized. (Yield 700 mg). 1 * « 

25 The crude peptide was dissolved in 50% acetic acid (10 ml) and passed through a column (2.2 x 1 10cm) of 25 
Sephadex LH-20, elution being carried out with 50% acetic acid. The fractions (125-180 ml) containing the 
desired productwere combined and lyophilized (Yield 220 mg). 

The powders obtained were dissolved in water and applied to a column (2.2 x 20 cm) of CMC, which was 
eluted with ammonium acetate buffer (gradient: 0.005M/0.2M= 500 ml/500ml). The fractions (265-440ml) 

30 containing the pure productwere combined and lyophilized. Yield 145 mg, [a ] 22.30.9«» (c- 0.3, 50% acetic 30 

AriSno^^^^^^^^ 2.11(2): Trp 0.97(1); Asp 3.40(3); Thr 0.93(1); Ser0.83(1); Glu 2.10(2); Ala 1.00(1); 

Val 1,04(1); Leu 0.91(1); Phe0.84n); NIe 1.06(1). (peptide content 74%). 

(5) ProductionofHpa-Asp-Ser-Arg-Arg-AIa-Gln-Asp-Phe-Val-Gln-Trp-Leu-Nle-Asn-Thr-Oh 

35 H-Asp-Ser- Arg- Arg- Ala-GIn- Asp-Phe-Val-GIn- Trp- Leu-Nle- Asn- Thr-OH (15 mg) was dissolved in a 35 
mixture of dimethyl sulfoxide (0.2 ml), DMF (1ml) and water (0.2 ml) and to this was added Hpa-0NB(5 mg). 
After the mixture was stirred at room temperature for 24 hours, the solvent was evaporated. The residue was 
dissolved in 50% acetic acid (0.5 ml) and passed through a column (1,2 x 92 cm) of Sephadex LH-20, which 
was eluted with 50% acetic acid. The fractions (35-42 ml) containing the pure product were pooled and 

40 lyophilized. 

Yield 1 2 mq. [a 1 -30.6" (c- 0.3, 50% acetic acid), HP 0.70 (Avicel) 

So acid analysis: Arg 2.19(2); Trp 0.67(1); Asp 3.19(3); Thr 0.76(1); Ser 0.64(1); Glu 1.92(2); Ala 1.00(1); 
Val 0.90(1); Leu 0.85(1); Phe 0.84(1); NIe 1.15(1). (peptide content 76%) 

Example 1 1 

45 Production of peptide (II') (Either one or both of R'l and R'2 are "'1; R3 is CH2; R4 Is Asp-Ser- Arg-Arg- Ala; 45 
Rs is I^et) 

To 1 2 m Ci of Na'«l was added 20//I of 0.25 M-phosphate buffer (pH 7.5). To this was added a solution of 
1 Sag of Hpa-glucagon fragment (15-29) in 5/«1 of pliosphate buffer was added. This was furtlier followed by 
theadditionofasolutlonof20/<gofChloram!ne-Tin20|«lofphosphatebufferandthemixturewassliak^^^ 
50 room temperature for 5-30 seconds. Then, a solutio of 120 //g of sodium metabisulfite in 50;«l of phosphate 50 
buffer was promptly added to the mixture to terminate the reaction. The , 0.1 ml of a solution of potaKium 
iodide (10 mg/ml) was added and the reaction mixture was passed over Sephadex G-25(1 x 20 cm). Button 
was carried out with 0.05 M Veronal buffer solution (pH 8.6) and the fractions from 1 1.5 ml to 14 ml were 

55 "rte reactWity of the resultant peptide (II') thus obtained according to this invention with antibodies specific 55 
to prancreatic glucagon (G-21 A, G-42) is shown in Rg. 1 [ K. Shima and P. P. Foa. Clin. Chim. Acta22, 511 

11968) 1 

G-21 A is a PG-specific antibody which was prepared using glucagon, while G-42 is a PG-spedfic antibody 
prepared using glucagon fragment (15-29). With respect to both of these antibodies the peptide (II of this 
60 invention displays a reactivity similartothat of lodoglucagon. The above f^ct indicates that the peptide (II ) of 
this invention is fully able jto take the place of lodoglucagon. 

Example 12 

To 0 5 m a of Na'»l was added 25^1 of 0.4M phosphate buffer (pH 7.3). To tiiis was added a solution of 2.5 
ug of Hpa-glucagon fragment (15-29) in 10/^ of phosphate buffer. This was ftiither followed by the addition 
65 of solution of 3.6/*g of ChloramineTIn 10/*i of 0.04M phosphate bufferipH 7.4) andthe mixture was shaken 
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at room temperature for 60 seconds. 

Then a solution of 48 pig of sodium metabisulfite In 20^1 of phosphate buffer was promptly added to 
terminate the reaction. 

• Then 50 /il of 1% potassium iodide solution, 5//I of 2M TRIS solution and 500 ;zl of TRIS-HCI buffer {0.1 M 
5 TRIS, O.IM NaCI, 0.05% BSA, pH 8.6) were added and the reaction mixture was passed over QAE-Sephadex 5 
A25 {1 X 10cm). Elutions were carried out with TRIS-HCI buffer mentioned above, and the fractions from 33 
to 54 ml were collected. The peptide (11') of this Invention displays a reactivity better than that obtained in 
Example 11. 

Example 13 

10 All the reagents and the procedures arethesame 8xcept0.36//g of ChloramlneTwas used instead of 3.6 10 
p% of Chloramine T in Example 12. 
The reactivity of the resultant peptide (11') of this invention was better than that in Example 1 1 . 

Example 14 

All the reagents and the procedures are the same except 28.8 ;<g of ChloramlneTwas used instead of 3,6 
15 ^/g of Chloramine Tin Example 12. 15 
The reactivity of the resultant peptide (ir) of this invention was better than that in Example 11. 
CLAIMS 

I. A peptide of the formula H-Asp-Ser- Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr-Oh. 

20 2. A salt of a peptide as claimed in claim 1 . 20 

3. A process for the preparation of a peptide as claimed in claim 1, or a salt thereof, which comprises 
condensing a fragment of the peptide whi(5h has a reactive carboxyl group with another peptide fragment 
which has a reacth^e amino group, and, if desired, repeating this condensation with other peptide fragments, 
to give the desired peptide or salt and wherein, If desired, any functional group other than those Involved in 

25 the reaction Is protected with a suitable protecting group which is subsequently removed and, if desired, the 25 
peptide is converted into a salt and/or a salt is converted into the peptide. 

4. A process as claimed in claim 3, wherein the Asp residue is protected. 

5. A process as claimed in claim 3 or claim 4, wherein the reaction temperature is in the range of from 
20XtoOX. 

30 6- A process as claimed in claim 3 carried out substantially as described in Example 1 . 30 

7. A peptide as claimed in claim 1, or a salt thereof, whenever prepared by a process as claimed in any 
one of claims 3 to 6. 

8. A conjugate of a peptide as claimed in any one of claims 1, 2 and 7 with a suitable protein. 

9. A conjugate as claimed in claim 8, wherein the protein is bovine serum albumin. 

35 10. A process for the preparation of a conjugate as claimed in claim 8, which comprises conjugating a 35 
protein as claimed in any one of claims 1 , 2 and 8 with a suitable protein by the glutaraldehyde process, 

II. A process as claimed in claim 10, wherein the protein is bovine serum albumin. 

12- A process as claimed in claim 11, wherein the ratio of peptide, or salt thereof, to bovine serum 
ablumln is substantially 1 :2 by weight 
40 13. A process as claimed in claim 11 or daim 12, wherein the pH is substantially 7.3. 40 

14. A process as claimed In any one of claims 1 1 to 13, wherein the time of reaction is substantially 3 
hours. 

15. A process as claimed in anu one of claims 11 to 14, wherein the conjugate is dialysed against water 
and stored in a lyophilised form. 

45 16. A process as claimed in claim 15, wherein the dialysis is at4''C. 45 

17. A process as claimed in claim 1 1 carried out substantially as described in Example 2. 

18. A conjugate as claimed in claim 8, whenever prepared by a process as described In any one of claims 
11 to 17. 

19. An antibody directed against a peptide as claimed in any one of claims 1, 2 and 7, and against 

50 pancreatic glucagon. , . . 

20. A process for the preparation of an antibody as claimed in claim 19, which comprises administering a 
conjugate as claimed in claim 8 or claim 18 to a mammalian animal and obtaining the antibody therefrom. 

21 . A process as claimed in claim 20, wherein the conjugate is administered in five doses subcutaneously 
with a substantially 2 mg dose every two weeks. 

55 22. A process as claimed in claim 20 or claim 21, wherein the animal is a rabbit. 55 

23. A process as claimed In claim 20 carried out substantially as described in Example 3. 

24. An antibody as claimed in claim 19 whenever prepared by a process as claimed any one of claims 20 
to 23. 

25. A peptide ofthe general formula 
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HO-f^Bj-a>-\-Oln-Asp-Phe-Vol-Glo-Trp-teu-Bj-A«n- 

wherem 

Ri and Hz, which may be the same of different, represents each a hydrogen atom or a radioactive iodine 
65 atom. 
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R3 represents a straight or branched alkylene radical hamg from 1 to 4 caiton atoms which may be unsubsti- 
tuted or substituted by one or more NH2 and/or OH groups, ^ . , ^ 

R4 represents -Asp- Ser- Arg- Arg- Ala- or a fragment thereof which comprises the alanyl residue, and 
Rs represents a Met or Nie residue. 
5 26 A peptide as claimed in claim 23, wherein Ri and R2 each represents a hydrogen atom. 5 
21, A peptide as claimed in claim 23, wherein at least one of Rt and R2 represents a radioactive lodme 

^^23!' A peptide as claimed in claim 26 or claim 27, wherein Ra represents a CHz radical and R4 represents 
the fraament Asp - Ser- Arg- Arg- Ala and Rs represents a Met residue. 

29 Apeptideasdaimed 10 
AsD-Ser- Arg- Arg- Ala and Rs represents a Met residue. 
30. A peptide as claimed in claim 26, wherein R3 represents a CHzCH radical, R4 represents the fragment 
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NH2 



15 



15 Asp-Scr-Arg- Arg- Ala and Rs represents a Met residue. 

31. A peptide as claimed in claim 26, wherein Ra represents a CH2 radical, R4 represents the fragment Arg- 
Arg- Ala and R$ represents a Met residue. 

32. A peptide as claimed In claim 26, wherein Rs represents a CH2 radical, R4 represents the fragment 
Arg-Ala and Rs represents a Met residue. 2^ 

20 33. A peptide as claimed in claim 26, wherein R3 represents a CH2 radical, R4 represents the fragment Ala 
and Rb represents a Met residue. 

34. A peptide as claimed in claim 26, wherein R3 represents a CH2 radical, R4 represents th e fragment Asp- 
Ser- Arg- Arg- Ala and Rs represents a Nl e residue. 

35. A peptide as claimed in claim 25 as described in any one of Examples 4 to 1 1 herein. 
25 36. A salt of a peptide as claimed in any one of claims 25 to 35. 

• 37. A process for the preparation of a peptide as claimed in clairn 25, or a salt thereof, which comprises 
acylating a peptide fragment of the general formula 



25 



H-R4- Gin- Asp- Phe- Val- Gin- Trp- Leu- Rs- Asn-Thr-Oh (III) 

30 

or a salt thereof with a radical of the general formula ^ 

35 or of a salt thereof, wherein Ri, R2, Ra, R4 and Rs are as defined in claim 25 and, if required, iodinating the 
resultant peptide, and wherein any functional group of the peptide fragment or salt thereof is protected with 
a suitable protecting group which is subsequently removed and, if desired, the peptide is converted into a 
salt and/or a salt is converted into the peptide. 
38. A process as claimed in claim 37, wherein the iodination is by the chloramine-T method. 

40 39. A process as claimed in daim 38, wherein the ratio of chloramlne-T to peptide or salt thereof is 
substantially 2:60. " r ■ j 

40. A process as daimed in any one of claims 37 to 39, wherein the peptide, or salt thereof, is separated 
from the reaction mixture and stored in a lyophilised form. 

41 . A process as daimed in daim 37, carried out substantially as described in any one of Examples 4 to V 

45 herein. , . j. 

42. A peptide as claimed in daim 25, or a salt thereof, whenever prepared by a process as daimed in any 

one of claims 37 to 41. . . 

43. A process for the determination of pancreatic glucagon wherein there is used a liquid containing 
pancreatic glucagon an excess of a pancreatic glucagon-specific antibody, reacting the product formed with 

50 a peptide as daimed in any one of daims 25 to 36 and 42, separating out the resultant product and 
determinign the free or bound peptide. 

44. A process as claimed in claim 43, wherein the pancreatic glucagon-specific antibody is tiie antibody 
claimed in claim 19 or claim 24. 

45. A process as daimed in claim 43 or claim 44, wherein the liquid is blood. 
55 46. A process as daimed in any one of daims 43 to 45, wherein the peptide is determined by 

radioimmuno-assay. . . 

47. A process as daimed in daim 46, wherein the peptide is labelled with radioactive iodine. 

43! The use of a peptide as daimed in daim 27 as a diagnostic agent for tfie determination of pancreatic 
glucagon by radioimmunoassay. 
60 49. The use of a peptide as daimed in daim 1 for preparing a protein conjugate. 

50. The use of a peptide as daimed In daim 1 for preparing a conjugate with bovine serum albumin. 

51 . The use of a conjugate as daimed in claim 8, for preparing an antibody. 
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